Background: The days following surgery are a critical period where the use of opioids predicts long-term outcomes in adults. It is currently unknown as to whether opioid consumption throughout the acute postoperative period is associated with long-term outcomes in pediatric patients. The aims of this study were to characterize opioid consumption trajectories in the acute postoperative period, identify predictors of trajectory membership and determine associations between opioid consumption trajectories and long-term patient outcomes. Materials and methods: Medication use, pain and mental health status were assessed at baseline in adolescents with idiopathic scoliosis who were scheduled for spinal fusion surgery. Cumulative 6-hr opioid consumption was recorded for up to 5 days after spinal surgery. At 6 months after surgery, medication use, pain and functional activity were evaluated. Growth mixture modeling was used to identify opioid trajectories. Results: One hundred and six patients were included in the study. Mean cumulative 6-hr opioid consumption in the acute postoperative period was 13.23±5.20 mg/kg. The model with the best fit contained 5 acute postoperative trajectories and a quadratic term (AIC =6703.26, BIC =6767.19). Two types of patient behaviors were identified: high opioid consumers (trajectories 4 and 5) and low opioid consumers (trajectories 1, 2 and 3). Intraoperative intrathecal morphine dose was a predictor of trajectory membership (p=0.0498). Opioid consumption during the acute postoperative period was not significantly associated with pain, functional activity or pain medication use at 6 months after surgery. Conclusion: In pediatric patients, intraoperative intrathecal morphine dose predicts opioid consumption in the acute postoperative period. Importantly, opioid consumption during this period does not affect long-term outcomes in pediatric patients after a spine surgery.
Introduction
Opioids are the mainstay method of pain management in the acute postoperative period. 1 The problem with this practice is 2-fold: (1) opioid-induced adverse events such as respiratory depression are serious and life-threatening, 2 and (2) acute opioid exposure after surgery increases the risk of chronic opioid use. 3 With over 300,000
children and adolescents undergoing surgery in Canada and the United states each year, postoperative opioid exposure is a prevalent issue. 4, 5 The days following surgery are a critical period where the progression of opioid consumption has the potential to influence long-term outcomes. Most studies examining the acute postoperative period in the pediatric population focused on total opioid consumption over the in-hospital period. [6] [7] [8] However, these studies omitted to report consideration of the evolution of opioid intake over time. Recently, Kwan et al 9 reported opioid intake at 12-24 hr intervals for up to 2 weeks after surgery in a cohort of adolescent idiopathic scoliosis (AIS) patients. While opioid consumption was considered in relation to time, variability existed in the mean analgesic intake at each timepoint, suggesting heterogeneity of the study population and the presence of multiple subgroups.
Recently trajectory analysis has emerged as a method to capture longitudinal change of a variable over time. Given that populations are not homogenous, latent subgroups with unique opioid consumption trajectories may be elucidated using this method. Highlighting the practical application of trajectory analysis, Pagé et al 10 identified 4 pain trajectories in the acute postoperative period in adults after total hip arthroplasty. Importantly, preoperative variables such as pain and anxiety predicted pain trajectory membership. Pain trajectories were in turn associated with long-term outcomes such as pain and functional disability. 10 Recently, Pagé et al 11 identified 4 pain trajectories and 4 in-hospital opioid consumption trajectories among patients undergoing hepatic resection. Trajectory membership in this case did not predict chronic postsurgical pain at 6 months but predicted patients' levels of pain catastrophizing at follow-up.
To the best of our knowledge, no studies have been done to examine opioid consumption trajectories in the acute postoperative period in the pediatric patient population. Therefore, the aims of this study were to (1) identify opioid consumption trajectories in the acute postoperative period, (2) identify predictors of opioid consumption trajectories and (3) identify associations between trajectory membership and long-term patient outcomes in a cohort of AIS patients undergoing spinal fusion surgery.
Materials and methods
This study was part of a larger study assessing perioperative pain in children undergoing orthopedic surgery. Ethics approval was obtained prior to the beginning of the study from the Research Ethics Board of McGill University (A08-M71-17B).
Study participants
Patients between the ages of 10 and 18 years with AIS were recruited from the outpatient spine clinic of the Shriners Hospitals for Children-Canada between 2013 and 2018. Prior to the beginning of the study, written informed patients' consents were obtained. In patients under the age of 18, written informed consent was obtained from a parent or legal guardian. The study was conducted in accordance with the Declaration of Helsinki. Inclusion criteria included adolescents diagnosed with AIS and scheduled to undergo first time posterior spinal fusion (PSF) surgery with instrumentation. Exclusion criteria included children with neuromuscular scoliosis, children unable to speak, write or read English or French, children diagnosed with intellectual disability that would interfere with understanding of questions being asked and children with major chronic medical conditions (American Society of Anesthesiology status III or higher). Research assistants collected information on demographics, medical history and selfreported questionnaires. A total of 126 patients consented to participate in the study. Prior to surgery, 8 patients were excluded from analysis due to drop out (n=6) and incomplete baseline questionnaires (n=2). After surgery, an additional 12 patients were excluded due to drop out (n=1), surgical complications (n=5), deviation from the anesthesia protocol (n=2), incomplete postoperative data (n=2) and lost to follow-up (n=2). The final opioid consumption trajectory analysis included 106 study participants. Out of the 106, only 76 patients were analyzed for long-term patient outcomes at 6 months due to loss to follow-up (n=30). Patients dropped out of the study or were lost to follow-up for one of the following reasons: patients were no longer interested in participating in the study, patients were unable to attend the 6-month follow-up appointment due to distance/difficulty of travel or patients had not yet attended their scheduled follow-up appointment at the time of the data analysis.
Experimental design
Study variables were assessed at different timepoints throughout the perioperative period: baseline (7-10 days before surgery during the standard preoperative consultation at the hospital); postoperative hours (POH) 1 to 120 from the moment the patient left the operating room; and follow-up (6 months after surgery).
Questionnaires
At baseline and at the 6-month follow-up appointment, patients were asked to complete the Scoliosis Research Society-30 (SRS-30) questionnaire. The SRS-30 has been validated for patients with AIS and is one of the most widely used tools in assessing the quality of life and spinal surgery outcomes for individuals with scoliosis. 12, 13 At the same timepoints, patients were also asked to indicate their medication use for pain from the following options: none, non-opioids (eg, Tylenol, ibuprofen) or opioids (eg, Dilaudid).
Perioperative anesthesia care
Perioperative analgesia was standardized including an intraoperative anesthesia institutional standardized protocol specific to the study. All patients received total intravenous anesthesia with propofol, remifentanil/sufentanil/fentanyl, ketamine and dexamethasone. As per our standard of care, after induction, all patients received an intrathecal injection of morphine, with a suggested dose of 5 μg/kg, although at the discretion of the anesthesiologists. After surgery, all patients received IV patient-controlled analgesia (PCA) morphine/ketamine 
Acute postoperative opioid consumption
Hourly opioid consumption during the acute postoperative period (POH1-POH120) was extracted from patients' electronic medication administration records. To establish analgesic equivalency, all opioids were converted to oral morphine equivalents (OMEQ) according to Coté et al 14 and the Compendium of Pharmaceutical & Specialties (Canadian Pharmacists Association), 15 and cumulative and noncumulative 6-hr opioid intakes were calculated.
Acute postoperative pain assessment
Self-reported pain intensity was assessed using the Numerical Rating Scale (NRS 0-10), where 0 indicated no pain and 10 indicated the worst pain imaginable. The NRS has been validated in the pediatric population and is recommended for use in clinical research. 16, 17 During the acute postoperative period (POH1-POH120), self-reported NRS pain scores were collected periodically by ward nurses. Scores were extracted from patients' electronic medical charts and average postoperative 24 hr day (POD) pain intensities were calculated.
Statistical analysis
Growth mixture modeling (GMM) was used to conduct acute postoperative opioid consumption trajectory analyses in accordance with other studies. 10, 18 GMM evaluates longitudinal data for interindividual variability in intraindividual patterns of change over time. As populations are not homogenous and subgroups are not always observed, GMM allows for the identification and simultaneous modeling of trajectories of multiple latent subgroups in which variation within trajectory groups is accounted for. 19 Cumulative 6-hr opioid consumption from POH1 to POH120 were used in the analyses (a total of 20 measurements). Twelve opioid consumption trajectory models were tested using the latent class mixed model (lcmm) package in R version 3.2.1. Variations between models were influenced by the number of classes (1-6) and shape (linear or quadratic) of the trajectories. Selection of the final model was based on the goodness of fit criteria Akaike information criterion (AIC) and Bayesian information criterion (BIC) (lower values indicating better fit), high entropy of >0.8 (reflecting high confidence of group membership), a minimum trajectory class size of 5% of total study population, parsimony and theoretical soundness. 10, 19 Identified trajectories were characterized by their intercept and slopes. After final model selection, pre-and intraoperative variables were individually entered in the model as predictors of trajectory membership, including age, sex, pain (in the last 6 months, in the last 1 month and back pain at rest), preoperative pain medication use, length of surgery and intraoperative anesthetic total doses. Significant predictors were determined using the Wald test, where a Wald P-value <0.05 indicated a variable that was able to explain the difference in slope and/or intercept between 2 trajectories. As such, the Wald test identified variables that were predictive of opioid trajectories with flatter versus steeper slopes or lower versus higher intercepts. Significant variables at the individual level were entered to yield the final model.
Univariate analysis of variance (ANOVA) or KruskalWallis H test and chi-squared test (χ2) were used accordingly with IBM SPSS Statistics to evaluate significant differences between high/low opioid consumers in pain, functional activity and pain medication use at 6 months after surgery. Significant differences in ANOVA or Kruskal-Wallis H test were followed by appropriate post hoc tests.
The required sample size for GMM was based on the theoretical foundations of the study, characteristics of the data, measurement reliability and group differences. 19, 20 It is accepted that a minimum sample size of 100 is required for GMM. 19, 20 Results
Study population
The final study population consisted of 106 patients (81 females [76%] and 25 males [24%]) with a mean age of 15.4±2.0 years. Within the last 6 months prior to surgery, 9 patients (9%) reported no pain, 34 patients (32%) experienced mild pain and 62 patients (59%) experienced moderate to severe pain and. Within the last 1 month prior to surgery, 29 patients (27%) experienced mild pain, 64 patients (61%) experienced moderate to severe pain and 13 patients (12%) reported no pain. Only 17 patients (16%) reported no back pain at rest. Forty-five patients (42.5%) were able to perform full activities without restriction and 30 patients (28%) reported missing school and/or work days due to back pain in the last 3 months. Thirty-two patients (30%) were taking medications for pain, with 6 patients taking opioids. Preoperative and intraoperative characteristics are summarized in Table 1 .
Opioid consumption
Opioid consumption was highest during the first 3 days following surgery, peaking on POD2 with a mean intake of 0.16±0.06 mg/kg/hr ( Figure 1A ). On average, PCA use was discontinued at the end of POD3, 65±9.4 hrs after surgery. On POD4, opioid consumption declined sharply (mean intake of 0.06±0.04 mg/kg/hr) and remained low until discharge on POD5 (mean intake of 0.05±0.03 mg/ kg/hr). Mean cumulative opioid consumption 120 hrs after surgery was 13.23±5.20 mg/kg ( Figure 1B ).
Pain intensity
In contrast to opioid consumption, patients experienced consistent pain for the duration of the acute postoperative period. Pain intensity ranged from 3.3±1.6 on POD1 to 4.1 ±1.7 on POD4 ( Figure 1C) .
Trajectories
Twelve models were tested using GMM based on a combination of 1 to 6 trajectory classes and the presence or absence of a quadratic term. Goodness of fit indices for tested models are presented in Table 2 . The model with the best fit (AIC =6708.04, BIC =6761.31) contained 5 cumulative opioid consumption trajectories, a quadratic term, entropies of >0.8 for all patients and a smallest class size of 7.5% of the total study population. Preoperative and intraoperative factors were entered into the model and tested as predictors of opioid trajectory membership. Intraoperative intrathecal morphine dose was found to be the only significant predictor of trajectory membership, explaining the variation between opioid trajectories 4 and 5 (Wald χ 2 p=0.0498). As such, the final model (AIC =6703.26, BIC =6767.19) included intrathecal morphine dose as a predictor and the structure and characteristics of the regression equation for each trajectory are presented in Figure 2 and Table 3 , respectively.
For all opioid trajectories, rate of opioid consumption was highest in the initial days following surgery. In ascending order, opioid trajectories 1 to 5 differed in the total amount of opioids consumed (from low to high consumption) and the rate of opioid intake (from low to high rate of intake) during the acute postoperative period. As such, opioid trajectory 1 (n=19) was characterized by patients with the lowest rate of opioid consumption, which resulted in the lowest cumulative opioid intake by POD5. Opioid trajectory 5 (n=8) was characterized by patients with the highest rate of opioid consumption, which resulted in the highest cumulative opioid intake by POD5. Overall, 2 populations of patients were identified: high opioid consumers (trajectories 4 and 5) and low opioid consumers (trajectories 1, 2 and 3). No significant difference was found between high/low opioid consumers and preoperative and intraoperative factors (Table 4) . Acute postoperative pain according to opioid trajectory membership is presented in Figure 3 .
Long-term outcomes
At the 6-month follow-up appointment, 15 patients (20%) reported no pain within the last 6 months and 24 patients (32%) reported no pain within the last 1 month. Of the patients that reported pain within the last 6 months, 30 patients (39%) experienced mild pain while 31 patients (41%) experienced moderate to severe pain. Within the last 1 month, 32 patients (42%) experienced mild pain while only 20 patients (26%) experienced moderate to severe pain. Moreover, 26 patients (34%) had no back pain at rest. Seven patients (9%) stated that they were able to engage in full activities without restriction. However, 21 patients (28%) missed school and/or work due to back pain in the last 3 months. Lastly, patients stated reduced medication use for pain, with 4 patients (5%) taking opioids and 22 patients (29%) taking non-opioid medications. 
Opioid consumption trajectory membership and long-term outcomes
No significant differences were found between high opioid consumers (trajectories 4 and 5) and low opioid consumers (trajectories 1, 2 and 3) in pain (in the last 6 months, in the last 1 month and back pain at rest), functional activity (current level of activity and missed school/work days) or pain medication use at 6 months after surgery (Table 5) . 
Discussion
The objectives of this study were to investigate acute postoperative opioid consumption trajectories, their predictors and associations with long-term outcomes in adolescents undergoing posterior spinal fusion surgery. Five opioid consumption trajectories were identified during the in-hospital period, reflecting latent subgroups within this pediatric population. Specifically, two types of patients' behavior were identified: high opioid consumers (trajectories 4 and 5), and low opioid consumers (trajectories 1, 2 and 3). The dose of intrathecal morphine received during surgery was a predictor of opioid trajectory membership. Importantly, results revealed that high/low opioid consumption behavior was not associated with pain, functional activity or pain medication use (opioids and nonopioids) 6 months after surgery. The results of our study revealed that opioid consumption rate varied in the acute postoperative period, with higher opioid intake in the immediate days following surgery. In a similar population of adolescents with idiopathic scoliosis, Kwan et al 9 found that the use of PCA morphine decreased at 12 hr intervals following spinal fusion surgery. Together, our results suggest that opioid consumption in the acute postoperative period is indeed dynamic and evolves with time. A more precise representation of a patient's opioid consumption may offer better insight into progression to long-term outcomes and may have more meaningful implications on patients care than traditional mean measures. 8 It is important to note that in the study conducted by Kwan et al, 9 opioid intake at each timepoint showed substantial variability, pointing to a heterogenous study population. In fact, this finding is consistent across numerous studies that examined opioid consumption in the days after surgery, despite stringent inclusion and exclusion criteria of study participants such as age and BMI restrictions, exclusion of chronic illnesses and exclusion of patients that deviated from intraoperative anesthesia protocol. 10, 21 Through the use of GMM, we demonstrated for the first time that 5 latent subgroups exist in the pediatric population with regards to opioid intake. These subgroups differed in their rate of opioid consumption and total amount of opioids consumed. The presence of multiple opioid trajectories reveals interindividual differences in opioid intake after surgery due to unanticipated factors. This may explain the variability found by previous research groups. From a clinical perspective, knowledge of interindividual differences allows for better anticipation of inhospital opioid-related adverse events. Something to consider is the amount of pain experienced by patients after surgery. We found that on average, high opioid consumers reported significantly greater pain than low opioid consumers. Specifically, patients in opioid trajectory 1 demonstrated mild pain (NRS <3) throughout the 5 postoperative days. In accordance, these patients reported the lowest rate and amount of opioids consumed after surgery. Conversely, patients in trajectory 5 reported moderate pain (NRS >4) immediately after surgery, that increased over the duration of their in-hospital stay, peaking at 5.9±1.1. These patients reported the highest rate and amount of opioids consumed during this time. Such positive association between opioid consumption and pain has been well documented. 8, 10, 21, 22 In agreement with a study including 1,736 adults, patients who experienced NRS >4 of pain intensity after awakening from surgery consumed significantly more opioids in the PACU than patients who reported lower pain. 21 It is therefore possible that immediate postsurgical pain may in part explain the presence of multiple opioid trajectories. Clinically, patients who are reporting greater pain after surgery may need to be monitored more closely for opioid-related adverse events in hospital than patients reporting less pain. Indeed, the amount of pain experienced immediately after surgery may be influenced by the extent of surgical intervention performed. However, in a similar cohort of AIS patients undergoing posterior spinal fusion surgery, Ferland et al found that the number of vertebrae fused during surgery was not significantly associated with acute postoperative pain. Interestingly, our findings showed that despite high opioid consumption, adolescents in opioid trajectory 5 experienced moderate pain that continued to increase up until POD5. In these patients, the analgesic effect of opioids may not has been sufficient enough to provide adequate pain control. This affirms the need for more personalized modes of pain management. In our study, the dose of intrathecal morphine received during surgery was a predictor of opioid trajectory membership, delineating high opioid consumers into two groups. A low dose of intrathecal morphine was associated with membership in trajectory 4, while a high dose was associated with membership in trajectory 5. In adult patients who underwent spinal fusion surgery, Urban et al 24 demonstrated
that low intrathecal morphine doses led to significantly more postsurgical pain and PCA morphine use within the first 12 hrs after surgery than high intrathecal morphine doses. While not statistically significant, across all trajectories, patients in opioid trajectory 4 received the lowest dose of intrathecal morphine and reported the highest level of pain on POD1. Understandably, these patients also reported significantly higher rates of opioid consumption than low opioid consumers. Therefore, opioid trajectory 4 may be a result of low intraoperative intrathecal morphine that was unable to protect against acute postoperative pain and subsequent opioid use. Contradicting the findings of Urban et al, 24 patients in trajectory 5 received a high dose of intrathecal morphine, but reported the highest rate of opioid intake and total opioid consumed in the 5 days after surgery. It can be hypothesized that this small subset of patients (n=8) did not respond to the analgesic effects of opioids (both intraoperative intrathecal morphine or postoperative opioids), perhaps due to pharmacogenetic variations, resulting in high opioid intake and minimal benefit on pain relief. For instance, it has been shown that individuals with a G/G genotype for the opioid receptor μ1 rs1799971 single nucleotide polymorphism reported greater PCA morphine use after surgery than A/A individuals. 25 Fortunately, of the total study population, less than 8% of patients (trajectory 5) appear to be opioid non-responders. We found that high/low opioid consumption behavior was not significantly associated with persistent postsurgical pain at 6 months after surgery. Therefore, acute postoperative opioid consumption may not predict the development of persistent postsurgical pain. In contrast to our findings, Julien-Marsollier et al 26 found a positive association between morphine consumption on POD1 and 3 and chronic neuropathic pain in a similar cohort of AIS patients. The discrepancy in findings may be due to the dynamic versus static measures of acute postoperative opioid consumption. Furthermore, while the latter study focused on chronic neuropathic pain, we did not differentiate between nociceptive or neuropathic pain. Importantly, use of opioid and non-opioid pain medications was not associated with high/low opioid consumers at 6 months after surgery. Moreover, the proportion of patients using opioids before and 6 months after surgery remained constant. This finding broadly disagrees with current literature. In their retrospective cohort study of pediatric patients after abdominal surgery, Owusu-Agyemang et al 8 showed that average postoperative opioid consumption was significantly associated with persistent opioid use at 6 months after surgery. This lack of consensus may be explained by the fact that existing literature examines acute postoperative opioid consumption and its association with long-term outcomes using single timepoint or mean measures of opioid consumption as opposed to a continuous measure. Our findings suggest that in children and adolescents, opioid consumption during the acute postoperative period is not associated with long-term opioid use. This notion challenges the current belief that greater opioid consumption after surgery leads to greater risk of opioid misuse. While it is known that long-term pain leads to delayed rehabilitation and physical recovery, 27 our results showed that opioid trajectory membership was not associated with functional activity 6 months after surgery. Thus, analgesic consumption in the acute postoperative period does not influence functional outcome after surgery. Altogether, the lack of association between acute postoperative opioid consumption and long-term patient outcomes suggest that clinically, while in-hospital opioid use should be closely controlled for adverse events, less caution in limiting acute opioid exposure may be warranted for preventing longterm patient consequences. There were several limitations in our study. First, while there is a well-established link between opioid consumption and pain, acute postoperative pain was not tested as a predictor of opioid trajectory membership. Second, anticipation of analgesic benefit was not considered as a predictor of opioid consumption after surgery. Positive expectation of opioid efficacy has been shown to enhance the analgesic benefit via changes in endogenous pain modulation. 28 As such, while a multitude of variables were investigated as factors that may influence opioid consumption, the study nevertheless was unable to account for all possible variables. Third, following PCA discontinuation, opioid doses were standardized (mg/kg), allowing individualization only through rescue doses for breakthrough pain. Finally, while the concentration of intrathecal morphine was suggested to 5 μg/kg in our study, differences were observed, while not statistically significant, in the concentration of intrathecal morphine received by patients in different opioid trajectories. Consequently, our findings suggest that the clinical judgment of anesthesiologists may have a lasting impact on patients' acute postoperative experience. Future studies can be conducted to evaluate postoperative pain as a time-variant predictor of opioid trajectories and anticipation of analgesic benefit as a time-invariant predictor of opioid trajectories.
Conclusion
In this study of adolescents undergoing posterior spinal fusion surgery, 5 acute postoperative opioid consumption trajectories were identified that could be broadly divided into high opioid consumers and low opioid consumers. Intraoperative intrathecal morphine dose was a significant predictor of opioid trajectory membership. Notably, high/low opioid consumers were not associated with pain, functional activity or use of pain medications (opioids and non-opioids) 6 months after surgery. Future studies examining the role of pharmacogenetic variations and pain on opioid consumption trajectories are required.
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